Abstract. Population ecologists have devoted disproportionate attention to the estimation and study of birth and death rates and far less effort to rates of movement. Movement and fidelity to wintering areas have important ecological and evolutionary implications for avian populations. Previous inferences about movement among and fidelity to wintering areas have been restricted by limitations of data and methodology. We use multiple observation data from a large-scale capture-resighting study of Canada Geese in the Atlantic flyway to estimate probabilities of returning to previous wintering locations and moving to new locations. Mark-resight data from 28 849 Canada Geese (Branta canadensis) banded with individually coded neck bands in the mid-Atlantic (New York, Pennsylvania, New Jersey), Chesapeake (Delaware, Maryland, Virginia), and Carolinas (North and South Carolina) were used to estimate movement and site fidelity. Two threesample mark-resight models were developed and programmed using SURVIV to estimate the probability of moving among or remaining within these three wintering regions. The model (MV2) that incorporated "tradition" or memory of previous wintering regions fit the data better than the model (MV1) that assumes that a first-order Markov chain described movement among regions. Considerable levels of movement occurred among regions of the Atlantic flyway. The annual probability of remaining in the same region for two successive winters, used as a measure of site fidelity, was 0.7 10 + 0.0 16 (estimated mean i SE [S), 0.889 i 0.006, and 0.562 k 0.025, for the mid-Atlantic, Chesapeake, and Carolinas, respectively. The estimated probability of moving to the Chesapeake from the mid-Atlantic or from the Carolinas was 3 x and 25 x as high, respectively, as the probability of moving in the opposite directions. Changes in estimated probabilities of moving between years corresponded to changes in winter harshness. In warm years, geese moved north and in cold years, they moved south. Geese had a high probability of moving to and remaining in the Chesapeake. Annual changes in the movement probabilities did not correspond to annual changes in the United States Fish and Wildlife Service midwinter survey. Considerable numbers of geese from the Carolinas appeared to be wintering in more northerly locations ("short-stopped") in subsequent winters.
INTRODUCTION
All changes in population size result from changes in birth, death, immigration, and/or emigration. Population ecologists have devoted disproportionate attention to the estimation and study of birth and death rates and far less effort to rates of movement. The inability to account for observed population changes solely in terms of birth and death rates has led to an increased awareness of the potential importance of movement to population dynamics (e.g., Krebs et al. 1973 , Lidicker 1975 , Hestbeck 1982 , 1986 , 1988 , Connor et al. 1983 , Pienkowski and Evans 1985 .
Movement and fidelity to wintering areas have im-' Manuscript received 10 July 1989; revised 18 April 1990;
accepted 15 May 1990.
portant ecological and evolutionary implications for avian populations. Possible survival and future reproductive "benefits" of returning to the same wintering area include familiarity with the distribution of food resources, roost sites, cover, and predators (Raveling 1969 , Spaans 1977 , Nichols et al. 1983 . However, if the relative suitability of different wintering sites with respect to factors affecting fitness varies from year to year, and if this variation can be perceived by birds, then opportunistic selection of the "most suitable" wintering grounds could occur each year (Nichols et al. 1983) . Previous inferences about movement among and fidelity to wintering areas have been restricted by limitations of data and methodology. Annual variation in bird counts on wintering areas and in winter band re-Ecology, Vol. 72 Chesapeake (---) , and Carolina (-----) regions of the Atlantic flyway from 1948 to 1989. covery distribution patterns has provided evidence of variation in wintering ground location (Pulliam and Parker 1979 , Nichols et al. 1983 , Terrill and Ohmart 1984 , Diefenbach et al. 1988a . Recapture or resighting of marked individuals in the same wintering area in different years has provided evidence of fidelity (Koerner et al. 1974 , Raveling 1979 . Such methods sometimes permit tests for differences in fidelity among groups (Diefenbach et al. 1988a, b) , but they do not permit estimation of the proportion of birds alive in a particular winter that return to the same wintering area used the previous year.
During the last three decades, dramatic changes in the number of Canada Geese wintering in different regions have occurred for the Atlantic population ( Fig.  I) , as well as other North American populations (e.g., Mississippi Valley population [Reeves et al. 1968, Rusch et al. 19851 , Eastern Prairie population [Vaught and Kirsch 1966, Humburg et al. 19851, Hi-Line population [Szymczak 19751 , and Rocky Mountain population [Krohn and Bizeau 19881) . It is generally believed that Canada Geese have a strong propensity to use the same geographical locations for migration and wintering grounds year after year (Raveling 1969 , 1970 , Bellrose 1980 ). Yet, as new habitat has become available in more northern states, Canada Geese appear to have abandoned wintering locations in the southern states (Reeves et al. 1968) .
In the Atlantic flyway during the 1960s, the number of geese wintering in the Chesapeake (Delaware, Maryland, Virginia) increased, while the number wintering in the Carolinas (North and South Carolina) decreased. In recent years, numbers of geese have subsequently decreased in the Chesapeake and increased in the midAtlantic (New York, Pennsylvania, New Jersey). These changes may have resulted from lower survival for geese migrating to more southerly locations, from geese moving into newly created habitat in the north (shortstopped), or from changes in both movement and survival (Crider 1967 , Hankla and Rudolph 1967 , Addy and Heyland 1968 , Crissey 1968 . In the Atlantic flyway, Trost et al. (1986) found that survival differences between Maryland and North Carolina were consistent with the direction of change in relative numbers during the 196Os, but that the difference was not large enough to account for the observed change in relative number between these two states. Hestbeck and Malecki (1989) also found that regional survival differences in the Atlantic flyway have contributed to changes in relative numbers occumng in the 1980s. The role of movement in causing these changes is unknown and remains to be explored.
In this paper, we use multiple observation data from a large-scale capture-resighting study of Canada Geese in the Atlantic flyway to estimate probabilities of returning to previous wintering locations and moving to new locations. We first develop two different models to test the hypothesis that wintering ground selection is described by a first-order Markov chain (i.e., that wintering ground location in year i depends only on wintering location in year i -l), vs. the alternative that wintering ground selection involves a second-order stochastic process (i.e., that location in year i depends on wintering location in years i -1 and i -2).
We then use estimates under the appropriate model to evaluate current ideas about fidelity of Canada Geese to particular wintering grounds, the directionality of shifts in wintering grounds (e.g., short-stopping), and possible influences of weather on shifts in wintering ground location. Finally, we combine these estimates with United States Fish and Wildlife Service midwinter survey estimates of goose numbers to evaluate the role of movement in recent changes in relative numbers of geese in regions of the Atlantic flyway.
Field methods and data sources
Information about numbers of geese was obtained from the United States Fish and Wildlife Service midwinter survey. Since the total midwinter estimate of geese changed annually, the estimated percentage of geese present within each region was used for comparisons. The percentage was estimated by summing the midwinter counts for each state within a region, dividing the regional totals by the midwinter total for all three regions, and multiplying by 100.
Information on climate was obtained from monthly summaries of "Climatological Data" (NOAA). Recordings for the mid-Atlantic came from airport stations in Rochester, New York, Erie, Pennsylvania, and Atlantic City, New Jersey. Recordings for the Chesapeake and Carolinas came from airport stations in Salisbury, Maryland and New Bern, North Carolina, respectively. Individuals from the mid-Atlantic population (Bellrose 1980 ) start migrating from northern Quebec in September and amve at their southern terminus from November to January (Bellrose 1980 ). The number of days with a minimum temperature recording 50°C during November, December, and January was used as a measure of winter severity to illustrate the effect of weather on the regional movement of geese. Lincoln (1935) found that movement of the 2°C isotherm appeared to govern the speed at which Canada Geese migrate north. The measure of winter severity for the mid-Atlantic was the mean of recordings for the three stations. A temperature gradient was estimated by subtracting the total number of days 50" for the Carolinas from the total for the mid-Atlantic.
Project personnel banded 28 849 adult and subadult Canada Geese with uniquely coded yellow neck bands during the fall and winter of 1983-1984, 1984-1985, and 1985-1 986 in the mid-Atlantic, Chesapeake, and Carolinas. Observers travelled specific routes within the eight states and recorded 10 1 732 resightings. Each state was surveyed every 1-3 wk from October to April, 1983 through 1988. Because we were concerned with only the migrant population, observations were also made during summer 1987 to detect resident geese. All marked individuals found within the wintering states during summer were classified as residents and were removed from the analyses.
The sampling period used to estimate movement rates was defined as 4 January to 15 February. This period excludes the fall migration and corresponds to the time when most geese are at their southern terminus. The hunting season for Canada Geese generally began in early to mid-October and ended in mid-to late January. The hunting season was closed in South Carolina from the fall of 1985 to present. The effect of harvest on movement appears to be strongest during the early stages of the hunting season (J. B. Hestbeck, personal observation).
The analysis was applied to three independent, regional cohorts of geese for each year (1 984-1 986) where n,, represented the number of geese banded or observed during the sampling period of year i in region j. Observations of these geese during the subsequent two sampling periods provide the observation histories used for estimation. We denote the three regions as A for the mid-Atlantic, B for the Chesapeake, and C for the Carolinas. We also use 0 to denote the event that an individual was not observed during a given sample period. Let XYZ denote a particular observation history where X = A, B, or C depending upon the region of initial observation, Y = 0, A, B, or C depending on whether and where the goose was observed, and Z = 0, A, B, or C, also depending on whether and where the goose was observed. For example, history AOB denotes a goose captured or observed in region A during year i, not seen during year i + 1, and observed in region B during year i + 2. The raw data for each analysis included the number of geese in each of three regional cohorts and the number of geese associated with each possible capture history. If a goose was observed in > 1 region during a particular sampling period, the observation was randomly assigned to one region. This occurred for only 1% of the individuals included in the analysis.
Mark-resight models
We developed two three-sample mark-resight models to estimate movement probabilities. One model, MV1, appears to be equivalent to that of Arnason (1 972, 1973) and is parameterized with transition and sighting probabilities defined as:
$I , , , , , = probability that a bird alive and present in region j during year i survives and is present in region k during year i + 1, P , , = probability that a bird present in region j during year i is observed during that period.
Sighting probabilities, P,,, are similar to the capture probabilities of the standard Jolly-Seber model (Jolly 1965 , Seber 1965 ) and differ only in that they are defined for region j. Transition probabilities, d,,,, are similar to Jolly-Seber survival probabilities but differ in specifying the location of the goose at the beginning (region j) and ending (region k) of the transition period (i to i + 1). Movement in MV1 is described by a firstorder Markov chain, i.e., movement between two consecutive sampling periods depends only on location of a bird in the prior sampling period. For example, the d,,,,,, (transition probabilities) depend only on the location u) of the goose during i + 1.
The assumptions required by model MV1 are similar to those required by the standard Jolly-Seber model (Seber 1982 , Pollock et al. 1990 ): (1) time-and regionspecific sighting and transition probabilities are the same for all marked birds found in a particular region and in a particular sampling period, (2) birds behave independently with respect to sighting probability, survival, and movement, (3) marked birds do not lose their marks, (4) all samples are instantaneous, and (5) losses to the population through emigration are permanent. These assumptions are testable, to some degree, with model goodness-of-fit statistics.
The effect of violation of the assumptions has not been examined for model MV1; however, because the sighting and transition probabilities of model MV1 are similar to the capture and survival probabilities of the standard Jolly-Seber model, respectively, an idea of possible biases due to violation of the assumptions of MV1 can be obtained by examining the effects of violation of the assumptions of the Jolly-Seber model. Carothers (1979) found that biases in the estimation of survival rates (hence transition rates) due to heterogeneity in probability of capture among individuals were negligible even when the test of equal catchability revealed significant variation in capture probabilities.
For the second assumption, birds behave independently with respect to sighting probability, survival, and movement. This assumption will be violated for geese because geese are not independent entities (Sulzbach and Cooke 1978) . Although this will not bias any estimators, the true sampling variances are larger than those computed from the statistical models for the data (Pollock and Raveling 1982) .
The third assumption is that marked birds do not lose their marks. If geese lose their neck bands, estimates of survival will be negatively biased. However, when the transition probabilities are decomposed into survival and movement components, as noted below, the bias due to tag loss will be associated with the survival and not the movement component.
The assumption that sampling is instantaneous can never be strictly met. Because all mortality for the Jolly-Seber model and all movement and mortality for model MV 1 should occur between samples, estimation of survival or transition probabilities is sensitive to the length of the sampling and intersampling periods. To guarantee this, the length ofthe sampling period should be small compared to the length of time between sampling, and sampling should not occur during periods of high mortality, such as the opening of hunting seasons, or high movement, such as times of migration. As noted earlier, sampling for this experiment occurred 3 mo after the opening of the hunting season in the northern states and during the time when geese are more sedentary and at their southernmost terminus.
The assumption regarding nonpermanent emigration can be important for a study of survival and movement. For studies on a flyway level, nonpermanent emigration will be very small because almost all regions are sampled. However, for smaller scale projects, nonpermanent emigration can be a greater problem. The best way to restrict this problem is to conduct the estimation during a period of time when migration or smaller scale movement will be small. In addition to model MV1, we developed a more general model, MV2, which incorporated "tradition" or memory of previous wintering regions into a probabilistic model. In this model, movement was described by a second-order stochastic process such that the transition probabilities, $,-, , , , depend on the location not only at i + 1 but also the location during the previous year at i. Specifically, we allow the transition probability from location j at i + 1 to location k at i + 2 to differ for geese that were located in region k at time i , ,) vs. geese that were not located at k during time i ($*,-, , ,).
The assumptions for model MV2 are similar to those for model MV1 except that the first assumption is modified to allow that all marked birds with the @,-, ,, or 4*,-, , , transition probabilities have the same probability of moving from region j to k given that the bird was either inside or outside of region k at time i and was in region j at time i + 1.
The likelihood functions for models MV 1 and MV2 can be written as the product of the three multinomial distributions corresponding to birds initially released from each region at time i. The likelihood function is conditioned on the numbers of released birds, n,,,. Each cell of the multinomial corresponds to a particular observation history. The probability associated with each cell is modeled using the transition and sighting probability parameters of the respective model, MVl or MV2. A listing of the 48 possible capture histories with their associated probabilities under each model is available from the authors. The observed numbers of birds exhibiting each observation history are then used in conjunction with program SURVIV (White 1983) to obtain maximum likelihood estimates under each model. We made no attempt to derive closed-form estimators, but note that Arnason (1 973) derived moment estimators for MV1. We tested fit of our models (and hence model assumptions) using the goodness-offit test of SURVIV and tested the more biologically interesting hypothesis of an influence of memory and tradition, using a likelihood ratio test between models MV1 and MV2.
We were primarily interested in movement probabilities, but the transition probabilities we estimated actually represent products of movement and survival probabilities. We can write the transition probabilities as:
(1) where S,, represents the probability that a goose alive during time i in region j survives (does not die or permanently emigrate) until time i + 1, and +,,,,, denotes the probability that a goose in region j during time i moves to region k at time i + 1, given that the goose survives from i to i + 1.
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Because Z) +,,,,, = 1, we can write an identity for k= 1 +L,.A as:
An estimator for +, , , can be obtained using Eqs. 1 and 2 as:
Because the $,,, must be estimated, we used the modified estimator and associated variance presented in Appendix A to estimate +,, , instead of the method implied in Eq. 3. We used Z statistics to compare estimates of $, , , among years and regions (Brownie et al. 1985:180-182) .
Population projections
To project the relative, regional abundance of geese that would be expected to result solely from the esti-mated movement probabilities, we viewed regional movement as a first-order Markov chain and used ihe average estimated annual movement probabilities, $, , , , to construct a matrix of probabilities of moving among the three regions, T' (e.g., see Quirin 1978) :
Assuming the $, , are constant through time, we can compute an equilibrium distribution of movement probabilities by taking T' to the nth power until it converges to an equilibrium matrix W. Each row of W is equivalent and corresponds to the equilibrium probability distribution of being located in the three regions ( e g , Quirin 1978 ).
The transient effects of movement on population size of each region yere examined by comparing estimated immigration, I,,, and emigration, E,,,, for year i and region J. Immigration and emigration were estimated using the estimated movement probabilities, $,,,,,, survival rates, S,,,, for year i and region J from Hestbeck and Malecki (1 989 
Midwinter survey
The distribution of geese within the Atlantic flyway has greatly changed from 1948 to the present. During the period ofthis study (1 983-1 988) , the relative abundance of geese wintering in the mid-Atlantic has increased while decreasing in the Chesapeake. From 1984 to 1988, the midwinter percentages have gone from 19 to 32% in the mid-Atlantic, 77 to 65% in the Chesapeake, and 4 to 3% in the Carolinas. Of particular interest, from 1984 to 1986 the midwinter percentages were approximately constant for the three regions. Then between 1986 and 1987, the midwinter percentage increased from 20 to 29% for the mid-Atlantic, dropped from 77 to 68% in the Chesapeake, and remained at 3% in the Carolinas.
Climate data
Our data for winter harshness varied over time (Table 1). The number of days with a minimum temperature S O 0 during November, December, and January ranged from 58 to 67 d for the mid-Atlantic, 48 to 57 d for the Chesapeake, and 26 to 36 d for the Carolinas, and the temperature gradient ranged from 22 to 4 1. The winter of 1985-1986 was warmest in the midAtlantic (58 d) and coldest in the Carolinas (36 d), and the gradient was 22. The winter of 1986-1 987 was coldest in the mid-Atlantic (67 d) and warmest in the Carolinas (26 d), and the gradient was 4 1 d.
Mark-resight models
Goodness-of-fit tests for MV 1 indicated rejection of this model ( P < .001) for data from each year. Examination of the observed and expected numbers of geese for each observation history and the corresponding contribution to the total x2 statistic showed that only a few specific histories were responsible for the lack of fit. The number of geese making a particular transition from i + 1 to i + 2 was larger than expected when the locations at times i and i + 2 were the same, and smaller than expected when the locations were different.
Model MV2 fit the data from the 1984 (x2,, = 21.3, P = .13) and 1985 (x2,, = 19.7, P = .19) cohorts adequately, but did not fit the 1986 cohort data (x2,, = 4 1.0, P < .001). However, 47% of the total x2 value for the 1986 cohort was contributed by a single cell. When this cell was omitted, the model fit the data adequately (x2,, = 2 1.6, P = .09). Under MV2, comparison of estimated average annual transition products (d*,+,J,kP,-2,k VS. d'i-IJ,iP,+2.k) demonstrated that geese located in region k at time i had consistently higher probabilities of being found in region k at time i + 2 than geese that were not located in region k at time i (Table 2) . Comparison of MV2 and MV1 using a likelihood ratio test also provided strong evidence of the need to incorporate memory and tradition into the mode1 (1984, x2, = 31.6, P < .001; 1985, x2, = 95.1, P < .001; 1986, x2, = 90.9, P < .001). These results indicated that the assumption that a first-order Markov chain described movement was not appropriate.
Estimated annual sighting and transition probabili- ties varied among years and regions (Table 3) (Table 4 ). Geese had a higher probability of moving north during the winter of 1985-1986 than during 1984-1985 . The probability increased for geese moving from the Chesapeake to the mid-Atlantic (Z = 2.89, P = .002) and from the Carolinas to the Chesapeake (Z = l .66, P = .048). During the winter of 1986-1 987, geese had a higher probability of moving south when compared to the previous winter. The probability increased for geese moving from the mid-Atlantic to the Chesapeake ( Z = 1.96, P = .025) and from the Chesapeake to the Carolinas (Z = 3.53, P < .001). The probability decreased for geese moving from the Chesapeake to the mid-Atlantic ( Z = 3.07, P = .001) and for geese moving from the Carolinas to the Chesapeake ( Z = 4.52, P < .001). Also during the 1986-1987 winter, the probability of remaining in the Carolinas dramatically increased from 0.464 in 1985-1986 to 0.717 (Z = 4.77, P < .001).
The mean annual probabilities of geese moving into the Chesapea,ke from the mid-Atlantic or from the Carolinas were three times (0.096 to 0.287) and 25 times (0.01 5 to 0.37 1) as high, respectively, as those of moving in the opposite directions. In regard to short-stopping geese from the Carolinas, the mean probability of moving into the Carolinas from the mid-Atlantic or Chesapeake was smaller than the probability of moving from the Carolinas to the mid-Atlantic (Z = 6.37, P < .001) or Chesapeake ( Z = 14.8, P < .001).
The probability of remaining in the same region for two successive years (a measure of site fidelity) was 0.710 f 0.016 ( 2 + S), 0.889 i 0.007, and 0.562 i 0.025, for the mid-Atlantic, Chesapeake, and Carolinas, respectively. The average probability of remaining in the Chesapeake was higher than that of remaining in the mid-Atlantic ( Z = 10.3, P < .001), and the probability of remaining in the mid-Atlantic was higher than that of remaining in the Carolinas ( Z = 4.99, P < .001).
Population projections
The transitio? matrix of mean estimated movement probabilities, q,,,, yielded an equilibrium relative abundance of 0.247, 0.727, and 0.027 for the midAtlantic, Chesapeake, and Carolinas, respectively. These projected proportions of Atlantic flyway geese in each of the three regions resulted from the repeated application of the average annual movement probabilities from Table 4 and are very similar to independent estimates of relative abundance based on the midwinter survey.
No consistent patterns were found in the annual estimates of the number of geese moving among regions (Table 5 ). In the Carolinas, net losses of geese occurred during 1984-1985 and 1985-1986 , but a net gain occurred for 1986-1 987. Changes in the annual estimates of the number of geese did not match the changes observed in the midwinter survey.
All changes in population size result from changes in birth, death, immigration, and/or emigration. The inability to account for observed population changes solely in terms of birth and death rates has led to an increased awareness of the potential importance of movement to population dynamics. Our analyses permit several inferences about movement among and fidelity to wintering areas for Canada Geese. Our results indicated that considerable movement occurred among large-scale regions. The estimated probabilities of returning to the previous wintering ground, used as a measure of site fidelity, were consistently highest for (n,,] ), and estimated means (with corresponding estimated standard errors) of the probability of surviving and moving to region k given that the goose was released at time i from region j (4,,] ,k, where j and k may be regions A, B, or C); of surviving until i+ 1 given that the goose was alive at time i in region j (S,,);* and of being observed during time i+ 1 given that the goose was in region j at that time (P,,,,). Means, estimated SES, and approximate 95% confidence intervals, of those estimates are also shown for the three periods combined.
Transition periods (i to i + 1 ) 1984-1985 1985-1986 1986-1987 Hestbeck and Malecki (1989) , which are based on a different method and use more of the available data.
geese in the Chesapeake region, averaging 0.89. Av-rejected the assumption that a first-order Markov chain erage estimated probabilities of returning to the mid-described movement and provided evidence that winAtlantic and Carolinas were 0.7 1 and 0.56, respec-teringground location in any given year ( i ) is influenced tively. by wintering ground location not only in the previous
The comparison of models MV1 and MV2 also pro-year (i -l), but also 2 yr previous ( i -2). The comvided information about the role of site fidelity or tra-parison of estimated transition products in Table 2 dition in wintering ground selection. These tests clearly provided evidence that geese located in region k at time TABLE 4 . Estimated annual probability with corresponding standard error of being in region k at time i+ 1 given that the goose is alive at i+ 1 and was released at time i from region j (+,,,,) . Means, estimated SES, and approximate 95% confidence intervals for these estimates are also shown.
Transition periods (i to i + 1 ) 1984-1985 1985-1986 1986-1987 i had consistently higher probabilities of being found again in region k at time i + 2 than geese not located in region k at time i.
The annual estimates of movement probabilities demonstrate strong site fidelity to the Chesapeake but also support the notion that geese are opportunistic in selecting wintering areas. Estimated probabilities of moving from the mid-Atlantic or the Carolinas to the Chesapeake ranged from 0.26 to 0.48 and were 3 and 25 times as high, respectively, as that of moving from the Chesapeake to the mid-Atlantic or Carolinas. Also, the average estimated probability of geese moving north from the Carolinas was 0.44. The high probability of moving north from the Carolinas provides empirical evidence of "short-stopping" and supports the idea that movement may have contributed to historical declines in southern goose populations. These estimates are also consistent with the idea that the Chesapeake is a region of high habitat suitability (sensu Fretwell 1972) and suggest that significant annual variation in habitat suitability occurs in the surrounding regions.
The estimated probabilities of moving varied among years. Although a formal analysis was not possible with estimates for only 3 yr, we found that the annual variation in movement probabilities corresponded to changes in weather. During the winter of 1985-1 986, the mid-Atlantic had the fewest days below freezing and the temperature gradient between the mid-Atlantic and Carolinas was the smallest. Estimated movement probabilities during this period indicated that geese were wintering farther north. In the next winter, 1986-1987, the mid-Atlantic had the highest number of days below freezing and the temperature gradient was the largest. Estimated movement probabilities during this period indicated that geese were wintering farther south. These observations are consistent with the idea that fall-winter temperatures play some role in wintering ground selection by Canada Geese (Humburg et al. 1985) . Ponds provide food and refuge for geese (Bellrose 1980) , and warm weather keeps ponds ice-free and available for use.
The rejection of the assumption that a first-order Markov chain described movement, the existence of temporal variation in movement probabilities, and the knowledge that survival and reproduction may also influence the regional relative abundance of geese, indicate that our Markov process model is not strictly appropriate for projecting equilibrium regional abundances of geese. However, we note that our use of this model is analogous to the use of Lotka-Leslie demographic projections (e.g., Leslie 1966 , Mertz 197 1, Nichols et al. 1980 , Lande 1988 , which assume that survival and reproductive rates vary only with age (not with physiological condition or any other individual attribute) and remain constant over time. Equilibrium behavior of these demographic models is of substantial interest to the study of population dynamics and the evolution of life history characteristics (Charlesworth 1980) , despite the realization that the models do not provide strictly accurate descriptions of natural populations. The equilibrium regional relative abundances associated with our average estimated movement probabilities, T, matched the independent estimates of relative abundance based on the midwinter survey.
The estimated numbers of geese emigrating or immigrating annually (Table 5) depend not only on movement probabilities, but also on regional survival rates and abundances ofgeese. The projected annual changes in regional goose numbers based strictly on survival and movement probability estimates did not correspond to annual changes estimated from the midwinter survey. Changes in regional goose numbers are functions of survival, reproduction, and movement, whereas we estimated only the number of moving survivors.
In addition, we know very little about the accuracy o r precision of the midwinter counts.
T h e changes in relative abundance of wintering Cana d a Geese during the 1960s may have been caused b y differential hunting pressure a n d by changes i n agricultural practices that created favorable goose habitat in the Chesapeake (Crider 1 967, Hankla a n d Rudolph 1967, Addy a n d Heyland 1968). Changes i n relative abundance have continued during the 1980s. T h e relative abundance of wintering geese has increased i n the mid-Atlantic, decreased i n the Chesapeake, a n d remained constant in the Carolinas. T h e changes i n the 1980s d o not appear t o be caused primarily by movement. T h e probability of moving favors moving t o a n d remaining in the Chesapeake. Changes in the relative abundance of wintering geese have, however, been related t o changes in regional survival rates (Hestbeck a n d Malecki 1989).
Model M V 2 provided a n adequate description of o u r capture-resight data. Models M V l a n d M V 2 should be useful for other researchers studying among-a n d within-year probabilities of movement. These models can also be used t o study transition probabilities among any strata o r subclasses (e.g., age, mass, reproductive condition, territorial class) of interest within a population.
We used a two-step process t o estimate movement probabilities, first estimating d,,,,, using program S U R -VIV a n d then using Appendix A t o estimate $,,,,. Following suggestions from W . A. Link a n d from K. H .
Pollock, we also attempted t o estimate movement probabilities directly by parameterizing our models with S,, a n d $, , , (rather than d,, , ) using the constraint that 3 $,, , = 1. U n d e r this model, useful estimates for the
Canada Goose data could not be obtained using program SURVIV. However, we believe that this approach holds promise a n d plan t o investigate it further in the future.
